Ethidium monoazide (EMA) is a DNA cross-linking agent and eukaorytic topoisomerase II poison. We previously reported that treatment of EMA with visible light irradiation (EMA+Light) directly cleaved chromosomal DNA of E. coli (Microbiol. Immunol. 51:763-775, 2007 
INTRODUCTION
Polymerase chain reaction (PCR) is widely used as an effective tool to detect bacteria in foods and clinical samples. The disadvantage of PCR is that it cannot discriminate dead from live bacteria. To overcome this disadvantage, reverse transcriptase (RT)-PCR targeting mRNA has been used. The mRNA derived from high levels of dead bacteria (10 4 -10 7 /ml), however, cannot be removed from samples and subsequently the RT-PCR reaction becomes positive (31, 35).
Measuring the RNA/DNA molar ratio is not sensitive enough to detect low levels of live bacteria in samples containing high levels of dead bacteria.
To discriminate live and dead bacteria by PCR, cross-linking agents such as psoralen, methylisopsoralen derivative (4'-AMDMIP), and ethidium monoazide (EMA) have been used (4, 5, 20 , 23, 25, 27-29). They selectively permeate the cell walls of dead bacteria and irreversibly bind to chromosomal DNA by covalent attachment (20, 23, 27-29). It has been reported that EMA could cross-link to DNA at the rate of 1 agent per 10-80 base-pairs (bp) in vitro (17). PCR amplification of DNA from dead bacteria was inhibited by cross-linking action (23, 27-29), and the PCR signal from dead bacteria was reduced to 1/300 -1/1000 (23, 27, 29). It has been reported that pasteurized milk contains 10 5 -10 7 cells/ml of injured/dead bacteria (1, 30) . When these methods are applied to the pasteurized samples, the PCR products from injured/dead bacteria are amplified. It is very difficult to judge whether the PCR product is derived only from live bacteria in test samples.
DNase was added to cleave the chromosomal DNA of dead bacteria (21), and PCR signal intensity from dead bacteria decreased to 1/10. External DNase, however, could not completely suppress PCR products from dead bacteria because DNase could not penetrate the cell membranes of dead bacteria due to its high molecular weight.
Developing rapid PCR methods to substitute the culture method is a pressing matter in clinical water at the concentration of 1 mg/ml and filtrated through a 0.20 µm micro-filter (Minisart-plus;
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Sartorius AG, Gottingen, Germany). After EMA was added at the concentration of 10 µg/ml to each heat-/antibiotic-treated and live bacterial suspension, it was kept at 4˚C for 5 min in the dark.
Then, the suspension was set in an ice water bath and irradiated for 5 min with visible light (FLOOD PRF 100 V 500 W; Iwasaki Electric Co., Ltd., Tokyo, Japan) set 20 cm from the solution. The concentration of EMA was set at 10 µg/ml because >10 µg/ml of EMA could penetrate live L.
monocytogenes as well. (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) in a sterilized micro-tube (2 ml of volume).
Use of topoisomerase poisons (T-poisons
Then, the layers were subjected to centrifugation at 100 × g for 5 min at 4°C, and the blood plasma containing microorganism was collected. EMA + Light treatment along with the washing of the bacteria were carried out as mentioned above. When T-poison was added, the bacterial suspensions were incubated for 45 min at 30°C followed by the same washing step. As a control, sterilized water and 0.5%(v/v) DMSO were used to substitute EMA and T-poisons, respectively. monocytogenes and then incubated at 30°C for 3 h. 1 ml of 1% Triton X-100/2 mM EDTA solution (pH 8.0) was added and centrifuged at 3,000 × g for 5 min at room temperature. After the lipid and supernatant were removed, the washing step (at 15,000 × g for 10 min at room temperature) was done with 2 ml of physiological saline, and then 1 ml of physiological saline was added. EMA + Light treatment and washing of bacteria were performed as mentioned above. As a control, 0.5% DMSO and sterile water were added instead of T-poisons and EMA, respectively.
DNA extraction from bacteria. After 0.5 ml of 5 mM EDTA was added to bacterial pellets in a micro-tube (2 ml), 20 µl of achromopeptidase (Wako Pure Chemical Industries, Ltd., Osaka, Japan) dissolved at 5 mg/ml in 10 mM NaCl, was added and incubated at 50˚C for 30 min. Then, 0.5 ml of 10 mM Tris-HCl (pH 8.0), 20 µl of 1250 U/ml proteinase K (Sigma, St. Louis, MO, USA), and 400 µl of 10% (w/v) lauryl sulfate sodium salt (SDS) solution were added one after another. The solution was incubated at 50˚C overnight. The chromosomal DNA was purified by usual phenol/chloroform extraction, and ethanol precipitation. 150 µl of TE buffer (10mM Tris-HCl, 1 mM EDTA 2Na) was added to the purified DNA. The concentration of DNA was calculated from Rockland, ME, USA) was dissolved in 0.8% by TAE buffer. After 1 µg of purified DNA was applied to wells, electrophoresis was performed at 100 V. -EcoT14 I digest and/or 100 bp DNA ladder (Takara-Bio, Ohtsu, Japan) were used as DNA markers. After the gel was stained with 1 µg/ml ethidium bromide, the result was visualized with an UV-trans-illuminator at 254 nm of UV light and recorded on Polaroid film (type 667; Nippon Polaroid, Tokyo, Japan). The PCR protocol for 23S rDNA of L. monocytogenes was 1 cycle at 4˚C for 3 min, 1 cycle at 94˚C for 30 s, and 40 cycles at 94˚C for 20 s, 46˚C for 30 s, and 72˚C for 1 min. After PCR, the Tm pattern analysis (melting point measurement) of PCR product was carried out with 1 cycle at 95˚C for 3 min, followed by cooling at 60˚C, and heating to 95˚C at the rate of 0.75˚C per min.
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The PCR protocol for hly was 1 cycle at 4˚C for 3 min, 1 cycle at 94˚C for 30 s, and 40 cycles at 95˚C for 20 s followed by 60˚C for 1 min. After PCR, the Tm pattern analysis of PCR product was performed with the same procedures as that of 23S rDNA.
In an experimental procedure applied to blood and milk, direct PCR cocktail (G & g Science) was added to the bacterial pellet suspended with sterilized water (10 µl) after EMA + Light + T-poison treatment and successive washing, taking into consideration the simplification of DNA extraction. That is, 5µl of bacterial suspension treated by EMA + Light + T-poison was added to 50.5 µl of PCR cocktail. The thermal cycle profile, which was the same as the PCR protocol for hly, was utilized.
Electrophoresis of PCR final products amplified by real-time PCR.
A 0.8% or 3% agarose gel was made from the Seakem GTG agarose and TAE buffer for PCR final products from 23S rDNA and hly, respectively. The -EcoT14 I digest and 100 bp DNA ladder (Takara-Bio) were used as DNA markers. After 10 µl of PCR product was applied to the wells, it was separated at 100 V. monocytogenes. The PCR final product from heat-treated cells was not suppressed after processing by EMA + Light, thus, discrimination between live and heat-treated L. monocytogenes was not successful (Fig. 3, lanes N and E) . Therefore, combination methods (EMA + Light + T-poison)
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were performed ( Even when the L. monocytogenes dose was lowered to 2.9 × 10 3 cells/ml in blood (Fig. 5D ), the effects of T-poisons were almost the same as those of Fig. 5C . in a model of bacteremia (Fig. 5) . In adult bacteremia patients, numbers of microorganisms present in blood are fewer than 10 cells/ml, and 30 ml of blood is used for culture to maximize microbial recovery. A 30 ml volume of blood could be concentrated to approximately 1 ml for PCR testing.
Thus, the concentration of live bacteria would be approximately 3 × 10 2 cells/ml (26). In case of bacteremia in infants, the number of bacteria existing in blood is often more than 1.0 × 10 3 cells/ml, but only 1 to 4.5 ml of blood should be cultured, taking into consideration the weight of the infant (13). Bacteria injured or killed by antibiotics are supposed to exist in blood together with live bacteria. In the present study, therefore, the live and antibiotic-treated L. monocytogenes were spiked into healthy human blood at the concentration of 2.9 × 10 4 ( Fig. 5C ), and 2.9 × 10 3 cells/ml ( Last, our EMA + Light + T-poison method will be applied to boiled foods. When foods are treated by higher temperatures and for longer periods, the foods contain mainly dead bacteria in which no activity of DNA gyrase/topoisomerase IV is retained. In such cases, at least CAM and m-AMSA, among the T-poisons, would cross-link to chromosomal DNA, and might specifically suppress PCR final products from dead bacteria (7). In this case, however, the PCR suppression is due to the cross-linking effect but not poisoning activitiy (7). EMA could function as a random and direct cleavage agent of chromosomal DNA with irradiation of visible light, even if DNA gyrase and/or topoisomerase IV are completely denatured in dead cells (32).
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